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1. . .DIFFRACTION ANGLE 2 9 (DEGREE) 
2 . . . DIFFRACTION INTENSITY 

(57) Abstract: A lithium-containing composite oxide, characterized in that it has a composition represented by the general formula: 
Li,4x +ff Ni 0 . x . y+tfy2 Mn 0 . x . y . ay2 M y 0 2 , wherein 0 ^ x ^ 0.05, -0.05 ^ x + a ^ 0.05 and 0 ^ y ^ 0.4, and 0.1 ^ S ^ 0.1 (when 
0 £ y ^ 0.2) or 0.24 £ d S 0.24 (when 0.2 < y ^ 0.4), and M is one or more elements selected from the group consisting of 
Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn; and a nonaqueous secondary cell having a positive electrode using the lithium-containing 
composite oxide as an active material. The lithium-containing 
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AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — O y /tlftVt 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE, TR), OAPI ftfF (BF, BJ, CF, CG, 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 



composite oxide has a stable layer crystal structure and a high density, and thus can be used for manufacturing a nonaqueous 
ondaiy cell which is excellent in the reversibility of charge and discharge and in durability and exhibits a high capacity. 

(57) 

-^Li 1 + s + „Ni (1 _ x _ y + a) /2 Mn (1 _ x _ y _ a) /2 M y 0 2 C 
tzfcV. 0^x^0.0 5, -0.0 5^x + a^0.05, O^y^O. 

(fcfcU 0. 2<y^0.4<D£#) 
ot, MliT i , Cr, Fe, Co, Cu, Zn, Al, Ge£J;tfS 
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m m m 

15 ^!)A-^ii!i«x^M-fM<, /.hSU iiWn5t^5 
^OU^-^A— ^ftffiOiEtttirftiUTffiffl^nTV^L i CoO z 
bT^fflSnT^S. bfrbfctfb, L i C o0 3 »#4>&HT**C 

z\<Dtc$>, v.?-yj±~£nmm®jEmttmt its, licoo 2 h 

i 
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T?t>, *£*;W&;|&jS0U^2A^>#>Kfc$'efc3L 1 2 Mn 4 0 9 
, L i 4 Mn 5 O u< L iMn t 0 4 &2#ftl3nTiJtK ttfcL iM 
n 2 0 4 #L i L 1 4 V tfi©iffi«tMi^pJ^t$ 5 1 1 
fi&fcffl8#frfettTV>3 (#l¥6- 7 6 8 2 4^i, #M 
5 ^7 _ 7 3 8 8 3 ^£^ #if 7 - 2 3 0 8 0 2#&«, M¥ 7 - 

2 4 5 1 0 6 . 

L i Co0 2 ©I»ftt«itt2 7 4mAh/gT?**# 
, «Vi*tt**fr5 fcL i CoO^WtSg^LW^Jl'i^ 

10 ttl 2 5~14 0mAh/gO|giC&?». 

^tlfcftbT, L i Mn 2 0 4 (Dam^m#*«l 48raAh/gT 
:©LiMn 2 0 4 feLi Co0 2 tK«t^tt*4«lCffi^b* 

15 Mitt9 0-1 0 SmAh/gggfcl^btL^^. Z.<DZ.tftt> 
tt, L i CoO a £IEffi»fcK£bTteJfl'r*»£<k?> 

LiCoO 2 0lW4. 9-5. lg/cm 3 T^OiC 
20 LiMn 2 O 4 0l^it4. 0-4. 2 g / c m 3 tfrft 0 «V> 

^SttH^IC^W-SL i Mn 2 0 4 g#©#3i* J ^ft€*P**fe» 
25 , W^^WL iCo0 2 5St}i!lJ:l5feII' ) tV>5KI'b*5. 

H©«fc 5 L i Mn 2 O 4 fctegfcS«S&£ 

2 
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tfilAfcL Xtf*;i/MU5f ^AT>#>m» (LiMn 2 0 4 ) 
10 £U LiMn0 2 «$tl5. £©5£# 1 §l^£IE;£i&^0ffl^fbte 

4 v s i>« je rfttttm $ n s ±e u 5F- # a t m m v> # » t 

L i tMnCi^VJtl (Li/Mn) & 1 t VtzM&lZte, 
15 3|OMnlIi§t-> • f 7-M©^l:< LiMnO 2 0M 

£<Z)4b£-if (L i Mn0 2 ) L i Mit^O- 1 . 0 ©fgBTtt^ 

25 ftoT, L i Mn0 2 i^«i:CD®^©U^^A^>^>m'fbtl : l:*ffl^ 

3 
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•r stxtt tin, 5 ©x*;^-*** 1 *^ u 5=-^ 

10 5, 

T&toS, #f§HJ©U^A^1t'&$NbtJte> -$5£L i 1+x+a 
Ni (1 - x _ y + fl ,/ 2 Mn (1 _ x _ y _ fl)/2 M y 0 2 CfcfcU O^x^O. 
05, - 0.0 5^x+^0.0'5, 0^y^0.4t^0, -0.1^ 
5^0.1 (fcfcU 0^y^0.2©^#) Sfcfi- 0 . 2 4 ^ 5 ^ 0 . 
15 2 4 (fcfcU 0. 2<y^0.4©<h#) t^T, MtiTi, Cr 
. Fe, Co, Cu, Zn, A 1, Ge 

*fc, #^BJ3©U3^A^M£Mtl©®B^&«, -flS^L i x 
+ x + a Ni (1 _ x - y + .) /2 Mn (1 - x _ y - fl) /2 M y 0 2 [fc£U O^x 
20 ^0.05, - 0. 0 5^x + a^0. 0 5, -0 
.1^5^0.1 (&£U O^y^O . 2<Dt%) tfctt-0.2 4^5 
^0.24 (fcjEU 0. 2<y^ 0. 4©<h^) t^ol, MttTi, 
Cr, Fe, Co, Cu, Zn, Al, Ge^Sni^6&S**6 

4 
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IBjEflHSfclHtf*, — j&iSL i 1+X+0 N i ( i- J . y + )) / 2 Mn (1 . s . y . ( 
)/2 M y 0 2 Cfc£U 0^x^ 0.0 5, -0.05^x+a^0.05 
5 , O^y^O. 4T&I9, -0.1^6^0.1 (fc£U 0^y^0.2 
(Dt£) StcU- 0. 2 4^ (5^0. 2 4 <&£U 0. 2<y^0.4 
©<h^) Tffc^T* MUT i , Cr, Fe> Co^ Cu, Zn, AK 

10 

EI 1 fct, #3&^©ll» 1 Tf^L/fe U ^A^H-argtM^Xil 
HFS? A ^ - > at * 3 o 

tujff /i ^ - > &jS"r a t » & . 

0 iff / ^ - > & -r 0 t h & . 
H6H, #?pj©«#j i , «#!i6, ^jg^y 8 , ttmmi&&z$& 

25 

5 
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fPJ3©U 5P^A^W1t'a-M'fbM, -^Li 1 + x + a Ni (1 _ x _ y + a) 
/2 Mn (1 _ x _ y _ 5) / 2 M y 0 2 [fc«U 0^x^0.05, -0.05 
+ 0^y^0.4T&D> - 0.1^6^0.1 (fcfc 

5 U O^y^O.20tt) S&tt-O. 2 4 ^ <5 ^ 0 . 2 4 

0. 2 <y ^ 0 . 4 <Dt%) XfooT, MttTi, Cr, Fe, Cos 
Cu, Zn, A 1 , Gefei«Sn^6S:SS*51^nfeiaK± 

NiiMnOiJtdU : 1 <h&3llJ&£ + n>£ bf^ ^<P16tlfc 
10 fijaSttHCW^MlttT?**. 

15 ttj&«ffiT'r££V>3raBa J £C*. ^©fca?>, Mn©«$c£4«K:jfiV> 
0tfc*r 4 fficDM n ©Sd£#*B ?l%>\zL fcifi V> > 

20 f§tTMnOWt^^t<t?)A\ LiMnO 2 0Mn^, 1$ 

5 H tn&^g&T!* L i ©*J£> B^7C^©ffi!i 

tomZk. N i fcMnOMJfctf* 1/2 : 1/2, T£frt3 1 : li 
25 fc5L i N i 1/2 Mn 1/2 O 2 0-Kl?i$ll§«§I*ilT ) 
N i *3ck^Mn^n^nx/2T^L i TMMIStL NiiMnOt 

6 



WO 02/40404 



PCT/JP01/09967 



Jfcrt*l/2 : 1 / 2^5.^^1^(5/2 6/2 ItWftl. L i 
0*Jfc*«a£W1I&:frU N i *3ct^Mn^^n-? t ny/2To 

ttSIM (fcfcb, MttTi, Cr, Fe, Co, Cu, Zn, A 1 , G 
e££tf S n^S&SiiOa^tlfc 1SEJU07G*) TfiglStlfc 
5 ffiLJEdc. ffcfc** — jRSL i 1+X+0 N i (1 _ 3C _ y + 8)/2 Mn (1 _ x _ y _ 5 
)/2 M y 0 2 CfcfcU 0^x^ 0.0 5, - 0. 0 5 ^ x + a ^ 0 . 0 5 
, 0^y^0.4 7:&D, -0.1^(5^0.1 (fetch , 0^y^0.2 
©<h#) 0. 2 4^(5^0. 2 4 (fcffL, 0. 2<y^0.4 

©<h#) T^T, MttTi, Cr, Fe, Co, Cu, Zn, Al, 
10 Ge*£tfSnfr&fc*»fr&ak£tt&l«&±07B*} 

^©^^©^M^^itiM ^;nci^-r 5»^ttt«nfc u f # a 

(fc«fc*3. 3~4#) *t5Ht, fflttOL i©F-7fc«fctfK 
Jg,t>n^>o 75:43, *^HJ^43^T«, Mn©l»<i:bT, X^Mfrft 

20 (xas) fc&vmfevitm&mteit. 

V>fcX»lEl#aj«fT5 t, ®Vrft2 6&18' ttifi&J;tf4 4 0 ttifi 
25 Kite, L i N i 0 2 © (003) (10 4) ©0#r tf-^ fcftS 

tf-^^^tl^ni*T^#ffib, 6 3° ~ 6 6 0 ©IS 

7 



WO 02/40404 



PCT/JPOl/09967 



m\z\Z, (108) (110) ©®#r tf-^fcffiSfS 2#cd[e1 

8ftr- *oiajf^^->ttL i n i o 2 tmn<D® 

44 tlfcttl:, *-©J£l 44/1 i8# ? > 0. 9<i 44 /i 18 
£1. 2 (fcfcU O^y^O. 2CD<h£) , SfcttO. 7^I 44 /I 
18 £1 (fcfcU 0. 2<y^0. 4CD<h£) T£D> fro, ±13 6 3 
0 ~6 6 0 CDiSHfc&S 2* CD lelJf tf-?©HI8r£l (2 0) ©i6a# 
10 , 0. 3° ^0 a^O. 6° (&j£U 0 ^ y ^ 0 . 2 © £ ST) , * & 
teO. 55°^aa^0. 75° (fcfcU 0. 2 < y ^ 0 . 4 CD £ # 

£ CD «t 5 & U A***^||^«©3K*«i6J»tt, 7. \L*)vnom 
I^tt^L i Mn 2 0 4 <i:lnl#fc, 4 V#ie©«JBE««-C <D%ticW!fi 
15 pItgT*D> t£*©IESI?£^StT&§L i C oO 2 0ftfiLTftjflt 

±f3ia^^wr^u?^A^w^^m^t>«, k®&#4. 

5 5-4. 9 5g/cra 3 t^fMt)S:D, E^#filx*;i^-$g& 
20 cd It^te, ^•©Ml:iDi:f<^bt§^ < ±f3©2fe 

v> «ie a & vi t« jfi*j jfcfeft $ n> Jit-ffi s *v£*r < fc 5 & 

fc, fc#*lftttlCiav>lftJ8®££l£:fc$&||£&0, -0.0 15^x 
ia^O.O 1 5C*ViT, ££^4. 7 g / c m 3 £*±©ig Mlg-g- 
25 m.{kMt?3:%Cttft>ft?t£ e 

±j£Lfc£5fc:, *5gK0U^^A^Wffi^it^tt, LiN 

8 
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i 1/2 Mn 1/2 O 2 0J:p(: > NiiMn^l : 1 
LT^Zifi, 2t>\ZftM£Mfctt*ft-orztZ.Z, Ni> Mn&ZZt 
MO*Jt#l : 1 : 1 tft5t)$, -?tzt>%-$GLft'L i N i 1/5 Mn, 
/3 M 1/3 0 2 , C$§tly = l/3i^§a^©I§i:$^T, #fc«n 

±IB-^^L i 1+x + a Ni (1 - x - y + 8) /2 Mn (1 _ x -,-«> / 2 M y O 
2 (fcfcL, MiiTi, Cr, Fe, Co, Cu, Zn, A 1 , G e £ 

«t^sn^e>j&sii«j;?)a^$nfcia^±07G^) £*ht, o^y 

^0. 2©ia^«fflTtt, NitMn©ilt0fn (S/2) &/Jn£V> 
10 lIL^fF^tlfcV^ 0. 2<y^ 0. 4©a^tBHX«> ttAttjfi 
©S^tt^J; t)ifK&D, f-W/SStl^tOiS^fe, N i <LM 

%Z> CttfU^&o Z.(Dfz®. ±BB-JK«t^^T, O^y^O. 2© 
«©t0#*!5iatt-0. 1^(5^0. 1 «h»EViOK:^b, 
15 0. 2<y^0.4Oifl:ttv 6©tD#5lSffl*5-0.2 4^3^0 
. 2 4 £j£<&£©T&3o 

0. 2<y^0. 4©«Ufc«HK:*V>TWU 0^y^0.2© 

20 0. 2<y^0. 4<D«f8ffl££^T^©X^Ste££ j e4. 7 

5~4. 9 5 g/ c m 3 T£5©K:*f U 0 ^ y ^ 0 . 2 OgjftttH 
^3ViT^©X^^«*i;^-4. 5 5-4. 7 4 g/cm 3 T^§. 
d y©±M£0. 4fcbfc©tt, y>0. 4 ©S&fKv 

9 
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Kfc, ^ffFfl 3 0 6 4 6 5 5 9 - 1 9 9 1 2 7 

10-69910 ftM 2000-294242 -it&fcfc 

fc#-i± © u ? * a ^m^mitmm e> n § c t * n * u it % © -e « & 

* 15 IBtc^ titm— U fc v> e: t ifiM 0 t # A. £> ti * . 

LiOft^ftfctillljjnutKiO, #3891© U? 1 * A 

Tfcfr£> »&jfe&»N i £«ktfMnfc£©#j£7G$©£&ft;'&tt£'& 
20 fillT^f> cin^L i Oft^fttftfcftitSUfcfc £9, ft^tt^ 

n3©T&3o «b£5A^ ^^©U^A^WiI^fKbtl©^^ 

i^tioT, &jrrs«£»'fb*i©48itt, T&frt3Mii©££tt4>;£$ 
25 «©pJ«, a®&fc£#*#<£fcTSfc©£®fc>n3. 

££7?, 4>&< £*>N i ^«fc^Mn*#l^7n^a:LT^tf^^k'&«I 

10 
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bTfc&ttafc-&ftfcE&JBV>tt«J:<, N i o. 5 Mn 0 . 5 (OH) 2 
, NiMn 2 0 4 > Ni 0 . 6 Mn 0 . s OOHftf, N i iMn (DWtiktyQ^. 

(MteTi> Cr, Fe, Co, Cu, Zn, Al, Ge^lFSn^ 

£fc> ±IBL i <D{k&Vlt LtH i^O'J^AMfflt^^t^ 

A, WRU^A, IMbU^A, ift'Jf^A, *x>B&U^A, 
7yflSl)5 1 £A, atffbU^A, fLMU f)A> ^a^K'J^A, 
■J>«'J^£A, tf^tf>®U^7A, RflsU^tfAfc 

, L i <zMb£t)£te> &£g«£1-5U5 1 £A^«£Rfc«i0ifc/£K: 
25 ££^7 oo~iio o'CTi-a 4ftmM&?z>Z-t\z&r), 

11 
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^^ofc, ^-Dtc/umf&um&K) %m^m (££^2 5 o~s 5 ov 

Z>M&\Z\t, L i ©{t£tl<h4>&< t%N i ^<fcr/Mn$M7Git b 
T b Tz U 5 1 £ A ^ % J5& tl © R £ Mm b fc 0 , 

15 lcMIR$n* , &oi?«:ft:Vi*s, o. 5 ~ 3 o ttlfflgflrcfrfctfJ: 

flflflBL i <Dfc&mt'P1Z< t*>N i ^ct^Mn&i^itb 

20 tX7'j^i;L, jtmgi#-;i' 5 3 o~6 o^niKfi^b 

12 
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, Mn 2 0 3 ^L i jMnOafcgO^tttotf&Jfcb^^fcS. 

15 

L i c o o 2 oJ:5^U^'>A^^nA;i/hm'fbt)fcit^T^ : pe^tt 

25 bfcL i'COj^N i t O 2 ^i*0ft^ifeffl^§ut^Tf 5. d © 

13 
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5 bttt, Li-Al^, Li-Pb^, Li-In^, Li-G 
a^ftifOU?!)^^ Si, S n,.Mg- S i U 

or*) =i. 5-3. 5 ttsntcto, ±!hu ^^A^-wm^m 

«<£>if#tt£5 £<*i]ffi-r3 &£U fMISN&«£LT 

14 
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tI«xx^;i^£W»J£+® 5 o fcm%&.t*&®z> - l- < 
20 ft##tt©,&^e>&, 4 0«%raw^b<, 3om%ot 

1, 2-i^h=^>X^>, 1, fh7t.F 

15 
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Wlf:^«$t§SiSilT[t LiC10 4 , Li 

PF 6 , L iBF 4 , L i As F 6 , LiSbF 6 , LiCF 3 S0 3 , L 
i C 4 F 9 S0 3> L i CF 3 C0 2 , Li 2 C 2 F 4 (S0 3 ) 2 , LiN 
(CF 3 S0 2 ) 2 , LiC (CF 3 S0 2 ) 3 , LiC n F 2n + 1 S0 3 ( 
5 n^2) fe£3&J*»T?*fctt2fl£Jl±iS^bTfflVi5n*. 4 3 "Cb> & 
j?mti|tt^#^n5L i P F 6 ^L i C 4 F 9 SOj^MSb 

0. 3~1. 7mo 1 /dm 3 , #1:0. 4 ~ 1 . 5mol 
/dm 3 iJl«b^ 

15 3 fcfcj&jfeS, 5~5 0/im©f$T, tfU^DtfU 

>®L #Ulfl/>8, 7aei/><hx?l/>£©*fi£&ft£©tf U 

ic, 5-20 /imt»^t/^-^§ffl^mi:}t 3fc$miM^;v 
fifi? ISfc £ fc & HT*ft0#tt##fc b^T < & 5 © U 

^wo^nwt^^TRii-r*. fetch, ^iji^neo 
i ) 

T^-Tzk^ffllcU tnSSlll^L^5, ZKOtffcflKBIny^^ 

16 
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3. 3 cmV#©fiJ^T£M>:/£/8V>T$TU NiiMn©* 

5 &, RJfc*t©pH#*91 2#jfifcj|»*n*J;5fc, 3. 2mol/d 
m 3 ©iig©7j<®Ht:r- h U 7 A7l<JM©$Tt>|BlRf fcfr o fc* *6fc, 

#e>ftfc£$t>£7jc&, *»4S,k NiiMn^l : 1 © 

10 SiJ-&T^Wr-57jc^^tltb, £©7jcg&«0. 211101^ 0. 19 
8mo 1 ©L i OH • H 2 0<i:£f?*U ^©*g£tl£X^ y 

^iifan, i dm 3 /M^s^t8 o ot^-einifcu ^©*s 
15 ^T2W^t§ii tic«kD^HjiDjRSffv», $ etc 1 o o ot:fc# 

20 5, L i o. 99 N i o. 5 Mn 0 . 5 0 2 Ti$n5t^$5ut^t)*o 

-h&/Bv>T, Mn©x«RJK^ (xas) zn-otco #e>nfcx- 

^©flP$r&, [Journal of the Electrochemical Society, 146 p2 

25 799-2809 (1999)) fc*^*, **rV7 h "REX" (U##««S) 
^fflV^TtTofco ±fB^t) ©Mn ©«£&£« 7c m 

17 
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m-y-yfJVtVT, Mn0 2 £<ktf L i N i o. 5 Mn lt 5 0 4 {E% &.%> 
¥^<Blfc^4ffi©Mn**-r*^«i:bT©gipiJ->^) » LiM 
n 2 0 4 (W«W3. 5flH©M-n**"r*ft^*i^T©***> 
7» > L iMn0 2 feJ;^Mn 2 0 3 ( E% 6 3 §0M n 

Jl/CD M n © KlMtt t M n ©fl&gc <h © HI* It* < 

±fBte£t/©Mn©KSfcMftg/^\ MnO^itfL i N i 0 . 5 Mn 
l B O 4 0K!RJR*ftKieKRIi;Tr*ofcc: ±IBft'&«©M 
10 n(D^IRttfiff4|t*i5fc. 

N i fc^Ttt, 3ffeA±©N i SWTSSISP^^^tL'Taa^ 

i N i o. 5 M ni . B 0 4 tK!ftlR«tt:il^S«PICT?*o&c:t3^6, 
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